N ever before has a medium been as widely available and individually customizable as the World Wide Web. Customization can occur along several dimensions -content sources and arrangements, "push" and "pull" delivery mechanisms, delivery vehicles ranging from PC-based browsers to mobile phones and fax printers. Many systems have been developed to exploit this capability and thereby personalize the Web experience. For example, BotSpot (http://bots.internet. com) lists more than 60 personalized agents designed to aggregate online news stories according to a user's interest profile, and Amazon.com recommends books based on a user's purchase history, among other factors.
While these personalization efforts are changing the way people acquire information in the virtual world, we are on the brink of a new generation of personalization, in which aspects of the physical world can be customized. Ubiquitous computing, as described by Weiser and Brown, 1 will extend computing and communication capabilities beyond the traditional human-computer interaction model with desktop workstations, or even the more recent interaction models incorporating handheld mobile devices, and will evolve toward inhabitant-environment interaction.
Most ubiquitous computing applications focus on how an individual will interact with his or her environment. However, since much of our time is spent in shared spaces, attention to how environments can respond to groups of collocated people is also important. At Accenture Technology Labs, we have developed two systems that adapt physical spaces to the tastes of groups of collocated people. this information to determine the best music to play at any given time. I GroupCast, 3 which is concerned with the visual as opposed to the aural domain, is situated in a common area of a work environment. It uses information about the identities and interests of passersby to display content of mutual interest on a large monitor.
Both systems illustrate the movement of computer systems from the foreground of our attention to the background, and both offer insight into the personalization and privacy issues that arise with the customization of physical spaces.
MusicFX
Any intelligent system that adapts to the preferences of its inhabitants needs three main components:
I a mechanism for detecting inhabitants and their activities, I a representation of inhabitant preferences, and I an algorithm for deciding how to adapt based on those preferences.
MusicFX detects inhabitants by requiring members to log in, using standard-issue employee badges and a proximity badge reader connected to a desktop computer. The login occurs as members enter the fitness center. Rather than requiring members to log out explicitly -for which there is no significant incentive -MusicFX sets an expiration time-out of 90 minutes from login, after which time the system presumes the member has left. (For convenience, we refer to the logout event as members "leaving" or "exiting" the fitness center.) MusicFX assumes its inhabitants' activities can be broadly classified as exercising, and it doesn't require finer-granularity distinctions. The MusicFX preference database represents members' ratings of each of 91 genres of music available on separate stations from a satellite music service. Each genre is rated on a five-point scale, from +2 through -2, representing "I {love, like, don't care about, dislike, or hate} this kind of music." The initial set of preferences is submitted to the system remotely, via an electronic enrollment form. Members can update these preferences in the fitness center at any time using an interface on the computer to which the badge reader is attached.
When a member logs in to the system, his or her preferences are retrieved and added to the current pool of preferences. The MusicFX Group Preference Arbitrator sorts the list of genres from most popular to least popular and then uses a weighted random-selection algorithm to select from among the most popular genres to play. Rather than always allowing for selection of the most popular station, an element of randomness, with probabilities distributed according to popularity, was introduced to increase variety and provide some degree of equity. This way, when the same people work out at the same times (which is common), they won't always have to listen to the same music; and people whose preferences lie outside the mainstream might occasionally hear music they enjoy.
The Arbitrator is invoked each time a person enters or leaves the fitness center; each time a person updates his or her preferences; each time a fitness center staff member adjusts a system parameter; or after the maximum play time for a single genre (typically, 30 minutes) has been exceeded.
MusicFX has been running continuously in the fitness center at Accenture Technology Park in Northbrook, Illinois, since November 1997, and more than 800 members have enrolled since then. The system has been very popular, with more than 70 percent of members reporting that they like the MusicFX-controlled music selection better than the previous human-controlled music selection. The benefit most often cited by fitness center inhabitants is the satisfaction they get from being able to influence an environmental factor that affects them all -without having to complain or otherwise attempt to exert more direct control over that factor.
Personalization and Privacy Issues
Most of the personalization and privacy issues raised by MusicFX concern the musical preferences of fitness center members. Members submit their initial set of preferences via a form in Lotus Notes (our firm-wide e-mail system). The form contains text fields for the fitness center member ID and comments, and a matrix of 91 (stations) by 5 (preference ratings) radio buttons. Submitted forms are stored in a database from which they are imported into the MusicFX preference database, a Microsoft Access database stored locally on the fitness center computer. Although the fitness center 
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staff and the system developers have access to these preferences, there is generally no need for anyone to view these forms.
Context Implications for Personalization
A Perl script that was used to collect the contents of all the "comments" fields in the submitted forms revealed that several members found it important to inform potential viewers that their preference forms reflected their musical tastes only while working out. (One example: "I really do like opera, just not while I'm on a treadmill.") This raises the broader issue of context for personalization systems, which applies in both the virtual and physical worlds. An online book recommendation system may experience difficulty if a user sometimes orders books for other people, such as a partner, child, or friend. As the capability for influencing physical spaces becomes more generally available, the complexity in specifying contexts for which different preferences apply will undoubtedly increase. For example, music for working out will have to be distinguished from music for working, eating, drinking, or romancing -not to mention situations in which several activities may be taking place simultaneously.
Protecting Privacy
A number of privacy issues arise within the fitness center context. Although the forms are submitted in a manner that shields the preferences from other fitness center members, this protection is not extended to the situations where people update their preferences on the computer in the fitness center. Members looking over the shoulder of a person updating his or her form may be able to see some of their preferences. Generally, this has not been a problem, since people tend to update their preferences in a fit of anger (picture a member saying "I can't stand this music!" on the way from the elliptical trainer to the computer to change his or her preference to "hate" for the genre currently in play).
Over-the-shoulder disclosure may also exist for personalization systems that operate exclusively in the virtual domain, depending on where people access content. For example, in a shared space with several desktop computers adjacent to one another, an individual's book recommendations may be visible to others in the area.
Other privacy issues arise in the context of a system that controls a resource shared -and influenced -by a group of collocated people. If the current station falls out of favor when a new member enters the fitness center and badges in to the system (say, because the member hates the station, which was not among the most popular to begin with), the system will change the station to one that is likely preferred by that member, so long as it agrees with the rest of the group as well. This situation reveals information about that person's musical preferences.
We have considered introducing a random delay -in the range of one to two minutes -between the time a person badges in and the time the system changes the station, introducing a "plausible deniability" to station changes. However, we decided that individual members might like to know when the station changes as a result of their arrival, so that if a station they no longer like is selected, they are immediately notified that their stored preferences need updating. The fitness center staff has observed this scenario on a few occasions, where a member badged in, an unusual station was selected, and the person went over to the MusicFX computer with a confused expression to change his or her preference rating, resulting in the selection of a new station.
The drawback to this situation is that people may feel pressured into changing their preferences to reflect their perceptions of more common or popular tastes. In practice, since the system has a bias toward stations that are popular with the current group of people, this has not been a problem.
GroupCast
After our success in creating an adaptive environment in the workout place, we shifted our attention to the workplace. A physical space that can sense the presence of people and have knowledge of their interests can use this information to create informal interaction opportunities. For example, a shared public monitor combined with a tracking system can display information of common interest to people passing by, who might take advantage of this information to initiate a conversation.
Suppose Joe and Teresa pass each other in the workplace hallway fairly regularly, but know little about each other. For example, they do not know that they share a passion for wine, but this interest is reflected in both their individual interest A physical space can sense the presence of people and know their interests.
profiles. As they pass by a GroupCast display monitor, the "Wine of the Day" Web site might pop up and prompt a discussion about the merits of old-vine zinfandels. After the discussion, Joe and Teresa know a little more about each other and may be more likely to have conversationson wine and other topics -in the future.
Our focus on creating greater awareness of people together in the same physical space distinguishes our work from other research in virtual worlds (see the sidebar, "Related Work in Ubiquitous Computing").
UniCast for Content Profiling
One challenge encountered in the initial design of GroupCast was how to acquire content that would be of mutual interest to people. We first considered using a large Web-based form to display content areas and having people rate them according to their interest level. (We used this approach with MusicFX to adapt aural aspects of the physical space.)
However, developing a profile broad enough to address the potential interests of a large number of people conflicted with keeping it small enough to specify content by, for example, filling out a form. By the time we had amassed enough potential content for our profile form, we were fairly confident that no one -aside from those working on the project -would take the time to fill it out.
We solved this problem through another application, UniCast, which allows users to specify content they would like to see on peripheral displays located within their primary workspaces. In some respects, UniCast represents an extension of the "push" functionality provided by the PointCast system, 4 which allows people to specify news and other topics for continuous update while their desktop computer is in screensaver mode. UniCast is different, however, in several ways:
I it runs continuously on a dedicated, peripheral display; I it allows for a broader selection of content; I it reacts to the location of its owner via an infrared badge system; and I it is tied into and makes use of content belonging to other UniCast user profiles.
By implementing UniCast on a peripheral display inside a person's office, we could use its profile for GroupCast and thereby rely on people's own selfinterest in customizing content that they will see regularly in their own office. Our model of interaction is primarily that of an ambient display (see for example Wisnewski et al. 5 and Redström et al. 6 ) rather than the primary workstation display used for supporting a user's principal work tasks. Figure 1 (next page) shows the setup in one office. The idea is that UniCast content should be interesting but not terribly important or urgent, since important or urgent information is -or could be -sought out directly on the primary workstation. 
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Other researchers have investigated how to create greater awareness among people who are electronically connected but not physically collocated. [3] [4] [5] [6] Our focus has been on the creation of greater awareness among people who are gathered together -or passing each other -in the same physical space. MovieLens, an online movie recommender system, has a new feature that allows a user to specify a group of people who wish to watch a movie together some time in the future. 7 There are few systems, however, that respond in real time to a group of collocated people.
GroupCast is also distinguished from systems that use large public displays in the foreground to support the performance of primary work activities, such as iLand. 8 Although GroupCast uses a large public display, it is intended primarily as a background or peripheral display, and we believe that the content is more likely to spark informal conversations if it is not directly related to work activities.
The content for UniCast includes the usual suspects -headlines, stock quotes, and weather -as well as many other types of content, including any arbitrary Web page, photos, artwork, groupwide announcements, reminders, a list of who is in the office today and a screenshot of where they were last seen (based on our infrared badge system and a tool called ActiveMap 7 ) , and live content from Webcams positioned in public spaces through the labs.
Privacy Issues with GroupCast
The current implementation of GroupCast utilizes all of the items in a person's UniCast profile, with no mechanism to let people specify a subset of content they would like displayed automatically on entering a GroupCast public space. The lack of privacy protection is likely to promote some selfcensoring. Once we add a mechanism to rectify this shortcoming, we hope to learn more about how much people are willing to reveal about their interests in the group context.
Challenges to Personalization
GroupCast looks for content in the intersection of people's profiles. This intersection is often quite small, resulting in little or no variety in the content displayed in a public space. A possible solution is to randomly select content from each individual's profile, cycling through different profiles. This might provide more conversation opportunities than intersection would, since the public display of content already shown in your private office via UniCast isn't likely to be as interesting as new content selected from someone else's profile.
Another solution we are considering is the addition of a feature that will passively collect content based on Web sites people are visiting in the browsers on their primary workstations. This can be accomplished by using an instrumented browser, like Curious Browser, 8 or an intermediary to collect URLs, such as Web-Based Intermediaries (WBI). 9 With access to such content, GroupCast could show Web pages that people near the display had all recently viewed. Of course, depending on the nature of those Web pages, this could lead either to interesting conversations or people fleeing the scene (or, in extreme cases, the termination of employment). Randomly selected content could be introduced to provide plausible deniability, or filters could be used to ensure appropriate content.
Given the goal of creating conversation opportunities, it might be preferable to select content without regard for who is near the display; in this case the display could simply show, for example, what people are reading or viewing lately.
Finally, GroupCast might take advantage of UniCast's InfoShare utility, in which one user (the poster) specifies content likely to be of interest to another user (the postee). Currently, this content is available only on UniCast displays in individual offices, but its display in a public space when the poster and postee are both nearby might create very targeted conversation opportunities. This feature might also bring up privacy concerns. For example, people might not want others to know what they are posting to whom. This concern also exists in the virtual domain, since people who send URLs to others in an e-mail message risk having that message forwarded to unintended recipients.
Conclusion
MusicFX and GroupCast illustrate some benefits possible from extending the personalization of electronic content in the virtual world to applications in the physical world. Utilizing individual preferences in the physical world, particularly in public spaces, infringes on people's privacy more than it does in the virtual world, where it is easier to maintain different addresses and aliases that can shield or mask personal details from online interactions. However, the use of these preferences in a group context, where some degree of plausible deniability exists, may diminish people's concerns. If sufficient benefits are provided -think of a world without "elevator music" -people might even embrace the technologies that will make adaptive environments possible.
